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Abstract  
1-he e f f e c t  o f  h igh  speed 
networking on the  operat ion of. a 
prev ious ly  develaped paradigm 
C l l  f o r  the  system and software 
design of  d i s t r i b u t e d  systems is 
presented. The e f f e c t  of h igh  
speed on the  several  design 
p r i n c i p l e s  i s  discussed. The 
fo l l ow ing  aspects of  design are 
discussed: u s e  of  ob jects ,  use 
of general ized modules, c o n t r o l  
O f  module i nterac t i on, 
separat ion o f  c o n t r o l  and data, 
and management of  s t a t e  
i nf  or mat i on. 
In t roduc t  i on 
We exp la in  why some of  our 
design p r i n c i p l e s  are even m o r e  
important t o  use i n  a h igh  speed 
pnvironment. I n  add i t ion ,  we 
po in t  out the  mod i f i ca t ions  t h a t  
m u s t .  be made t o  t h e  paradigm t o  
ficcocrnt f o r  h igh  5peed. F i n a l l y ,  
w e  note t h a t  m a n y  design 
p r i n c i p l e s  a re  independent o f  
speed. 
W e  e x  a m i  ne a prev ious ly  
developed d i s t r i b u t e d  system and 
software design paradigm C 1 1  i n  
the l i g h t  o f  emerging h igh  speed 
networks and i d e n t i + y  those 
design p r i n c i p l e s  O f  t he  
paradigm t h a t  must be modi f ied 
i n  order to accommodate h igh  
speed. I n  a d d i t i o n  we i d e n t i f y  
those design p r i n c i p l e 5  t h a t  are 
independent of speed. O u r  
o b j e c t i v e  i5 t o  produce a 
rev ised paradigm t h a t  w i  11 be 
appl i cab1 e t o  h igh  speed 
networks. 
High speed net  w o r  IC 5 and 
pro toco l  5 are  subjects  0 4  
considerable cerrrcnt i n t e r e s t .  
One approach t o  the  development 
of  high speed networks invo lves  
pe r f  ormamce, ef .41  r i  cncy, 
sca l  ab i  J i t y  'f and Edivel-si f y  n d  
app l i ca t i ons  E 2 7  0 finother 
approach loaks  at an i n t e r n e t  
model cons i s t i ng  of connection- 
f B e x  i b l  e a d d r c s s i  ng scheme and 
i n f  ormat i on fat- making 
i n t e l l i g e n t  r o u t i n g  dec is ions 
[XI. These approaches seem t a  
have m a r e  t o  d o  w i t h  incrcasinc) 
network +unc t i  onal i t y  and 
e f f i c i e n c y  than w i t h  speed per- 
5e. 
f ocuslng mn 1 eve1 04 
or ien ted  pro toco l ,  a. mQt-e 
subnetwork deszcrxptri Y E  
Another view i s  t h a t  achieving 
gigabit-per-second networks i s  
well w i t h i n  the reach 0 8  r ~ r r r ~ n t  
network a rch i tec tu res  K 4 3 .  T h i s  
is in l i n e  w i t h  t he  t h e s i s  t h a t  
TCP i n  the  I n t e r n e t  i s  not  the 
pr imary source of overhead ( t h e  
host OS i s )  and t h a t  PCF ca-rId 
5 up p or t high 5peed  i f  
implemented proper ly  E54. 
Objects 
Representation 
fl complex s y ~ i t e m ,  like a 
d i s t r i b u t e d  computer network 
requ i res  a model f o r  
i d e n t i  Cying, relati ny 
~ t r u c t ~ i r i  nrg and c o n t r o l  1 j. ng 
system objects .  We use ob jec t5  
as il means 0.f: represjentinq 
system e n t i t i e s  so t h a t  the  
representa t ion  ~f resources and 
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He a ~ ; ~ o c i a t e  a m a j o r -  f u n c t i o n  
wi th  each o b j e c t  a n d  s p e c i f y  
objects arid f u n c t i o n s  b y  t h e  
s e r v i c e s  t h p y  p e r f o r m .  An o b j e c t  
and i.ts a 5 s o c i a t e d  major 
&unct ion c a n  b e  c o n v e n i e n t l y  
s p e c i f i e d  by t h e  m a j o r  s e r v i c e  
w h i c h  the  a b j e c t  p e r f o r m s  f o r  a 
~ I - C K P ~ S  a n d  by the r e l  ati o n s h i  p s  
wh ich  exist between t h i s  o b j e c t  
a n d  o t h e r  objects which  assist 
i n  p r o v i d i n g  t h e  s e r v i c e .  T h e  
act Q 6  r e l a t i n g  objects t o  
funct i lons  and services  is 
independent 0.6 netwark speed. 
Response 
We d e s i g n  o b j e c t s  so t h a t  t h e y  
a l w a y s  r e s p o n d  t h e  s a m e  way t o  
t h e  s a m e  s t i m u l i .  T h a t  is, a n  
o b j e c t  s h o u l d  n o t  r e s p o n d  o n e  
way a t  o n e  t i m e  t a  a g i v e n  i n p u t  
( e . g . ,  a m e s s a g e  t o  b e  p r o c e s s e d  
F I F O )  a n d  a n o t h e r  way a t  
a n o t h e r  time t o  t h e  same i n p u t  
( e - q . ,  5 a m e  message t o  b e  
p r i o r i t y  p r o c e s s e d ) ,  e v e n  t h o u g h  
n e t w o r k  o p e r a t i n g  c o n d i t i o n s  may 
Rave c h a n g e d  ( e . g . ,  c o n g e s t i o n  
i n  t h e  n e t w o r k ) .  Any d i f f e r e n c e s  
i n  i n s t a n t i  a t i o n s  of t h e  
o b j e c t s ; ,  g i v e n  t h e  same i n p u t s ,  
r e q u i r e s  complex  p r o g r a m  
d e v e l o p m e n t  and m a i n t e n a n c e  and 
d o e s  n o t  allow +or c o d e  s h a r i n g .  
I n  t h e  e x a m p l e ,  i f  t h e  message 
i s  h a n d l e d  i n  a s p e c i a l  way due 
t o  p e r f a r m a n r e  c o n s i d e r a t i o n s  
(e.g., p r i o r i t y  m e s s a g e  
h a n d l i n g ) ,  t h i s  c a p a b i  1 i t y  
s h o u l d  n o t  be  i n c o r p o r a t e d  i n  
t h e  many s e r v e r  m o d u l e s  of t h e  
n e t w o r k .  R a t h e r ,  t h e  e x c e p t i o n  
h a n d l i n g  c o n d i t i a n s  s h o u l d  be 
p l a c e d  i n  a s i n g l e  i n t e r f a c e  
modu le .  I f  t h i s  is n o t  d o n e ,  
e x c e p t i o n  h a n d l i n g  c o n d i t i o n s  
would h a v e  t o  b e  i n c o r p o r a t e d  i n  
e v e r y  m o d u l e  r a t h e r  t h a n  i n  o n e  
modu le .  I f  e x c e p t i o n  h a n d l i n g  
c h a n g e s  i n  t h e  f u t u r e ,  many 
m o d u l e s  would  h a v e  t o  be c h a n g e d  
r a t h e r  t h a n  o n e .  Although i t  is 
t r u e  t h a t ,  f r o m  a performance 
s t a n d p o i n t ,  t h i s  c o n s i d e r a t i o n  
is n o t  as important i n  a h i g h  
Epeed network, i t  is still 
important for 5of tware 
d e v e l  apment and maintenance , a5 
n o t e d  above. 
General ized Modules 
We s p e c i f y  g e n e r a l i z e d  and 
i n d e p e n d e n t  d u n c t i o n a l  m o d u l e s  
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(i . e. server modul tl5 such as 
terminal  management) f o r  
per f  or m i  ng a l l  nQn-ul3iqUE 
app l i ca t i on  processing i n  order 
to: ( 1 )  reduce redundancy o f  
e f f o r t  and documentation i n  
module development, 12) reduce 
the  redundancy of  storage 5pace 
and execut ion t i m e  dur ing  
network operat ion,  and ( 3 )  
conf ine the  e f f e c t s  o f  changes 
t o  the  software t o  a small  
number of  standardized modules. 
This  approach i s  important i n  
d i s t r i b u t e d  system design 
because of the  l a r g e  geographic 
d ispers ion O f  d i s t r i b u t e d  
systems. This approach has a 
dramatic e f f e c t  on reducing 
redundancy of resources and 
con f in ing  e f f e c t s  of change b u t  
i 5  independent 08 network speed. 
Module I n t e r a c t i o n  
W e  minimize module i n t e r a c t i o n  
(i.e. elaborate handshaking 
message exchanges) by us inq 
message communication in5tead of 
the remote procedure c a l l  (RFC) 
so t h a t  r- er4 U c ed software 
development and maintenance 
e f f o r t  and decreased computer 
~ x e c u t i o n  t ime and communication 
channel transmi5sion t ime w i l l  
r e s u l t  from a reduc t ion  i n  the  
number and types of messages 
f low ing  i n  the  network. T h i s  
r e s u l t  f o l  1 o w 5  from the  f a c t  
t h a t  a reduc t ion  i n  number o f  
con t ro l  messages w i  11 reduce 
overhead time. I n  add i t ion ,  a 
reduc t ion  i n  types of  c o n t r o l  
merjsages w i  11 reduce software 
dpvel opment and subsequent 
maintenance. T h i s  i s  another 
design p r i n c i p l e  t h a t  i s  
independent of netwark speed, 
True, as be-For-e, h i g h  speed w i l l  
he lp  ma5k t h e  i n e f f i c i e n c i e s  o-f 
5of tware development and 
maintenance w i l l  s t i l l  be aided 
by a reduc t ion  i n  t h e  number of 
message types. 
network communication, bu t  
C corr t ro l  data f rom 
user data assii5;tr; maintenance: 
procedur-es &rad message f o r m a t s  
will no t  9SGgCt user- data 
p ro toco l  5 an vice versa 
B h i 5  i s  ace mplished b y  using 
separate l o g i c a l  data k ink5 and 
p o r t s  f o r  each. Sirace cnntt-ol 
furtctionfg must be e x w - c i s e d  
p r i o r  t o  data transfer- ( ~ . y . ~  
handshake b e i o r e  data t rans- fe r )  
h igher  priority m u s t  be; assigned 
t o  c e n t r a l  ( i .e .  hi@-rer 
p r i o r i t y  data lin 5 and p o r t s ) .  
.F C 3 r  and 
changes i n  COntr--Wl data 
I n  a high s%peed n ~~~~~ thc need 
the processing t r a w i 3 m i .  ssi an 
Qd tZontsO%i m e 5  r e g a t  become 
a baa%tlene!c e ~~~~~~~ 853jan 
a+ user data. 
as soon a5 it becomes available 
+or  the  purrpas@ n$ p lann ing  
r-esaurce c i t i l i z a t i c a n  as f a r  i n  
advance a5 pass ib le  i n  the 
execut ion a9 system operations 
50 t h a t  unnecessary mesl=age 
exchange and module i n t e r a c t i o n  
can be avaided, 
knowledge of transa 
i n fa rmat ion  ( i .e .  'I s t a t u s  and 
pr-agr-e5s od a t ransaet ian)  ta a 
s i n g l e  module. By t h i s  methud w e  
h ide  m a j o r -  desi,qn dec is ions and, 
i n  add i t i on ,  hide important 
c o n t r o l  inBormatian dur i saq 
5vstem execution, as well. This 
i 5  anather- ~~~~~~~~ 
p r i n c i p l e  ~~~~~~~n~ %a 4c le59 
c r i t i c a l  i n  a high speed network 
because greater speed waul d 
lessen the need +or advanered 
plannirag in t h e  a l l o c a t i o n  of 
re50urte5.. Hernever, the need to 
can+ine in-formation that  i 5  
l i k e l y  to thanget B o  a l i m i t e d  
number oQ ~ ~ d u ~ ~ ~  ( e , q . ,  one) is 
independent O# speed, 
163 
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f4lthougl-o it might appear that 
radrcal  changes w n u  1 d be 
necefjrsat-y to adapt a distributed 
sa"ftware desiqps paradiqm to high 
speed naetworkr;, in fast there is 
little .&ha8 would be changed. 
This i s  due to the + a r t  that the 
overriding consideration is the 
use of design principles that 
enhance the development and 
maintenanee processes. These are  
1 argel y independent of  speed. 
The results of  this analysis a r e  
~ ~ . i m m a r x z e b  in Table b. 
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